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(57) A fine channel device (1 ) capable of producing 
fine particles in an industrial scale, hardening the fine 
particles immediately after the production and recover- 
ing the fine particles from a medium without collapsing 
the shape of the produced fine particles, a fine particle 
producing method using the fine channel device (1 ) and 
a solvent extraction method using the fine channel, are 
presented. The fine channel device (1) comprises a fine 
channel provided with an inlet port (4) and an inlet chan- 
nel (5) which feed a dispersion phase, an inlet port (2) 
and an inlet channel (3) which feed a continuous phase, 
and an outlet channel (7) and an outlet port (8) which 
discharge fine particles produced by the dispersion 
phase and the continuous phase, wherein the inlet 
channel (5) for feeding the dispersion phase and the in- 
let channel (3) for feeding the continuous phase are 
joined (6) at an arbitrary angle, and the two inlet chan- 
nels are connected (6) to the outlet channel at the arbi- 
trary angle. 
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Description 

[0001 ] The present invention relates to a method for producing fine particles used for a packing material for a batching/ 
separating column, microcapsules used for medicines, capsulated enzymes, cosmetics, fragrant materials, display/ 
recording materials, adhesives, agrichemicals etc. or fine particles used for chemical reaction, solvent extraction etc., 
a method of use of them, and a fine channel device for producing such fine particles. 

[0002] In recent years, research for causing a chemical reaction or producing fine particles by using a fine channel 
device comprising a glass substrate of several cm square provided with a fine channel having a length of several cms 
and a width and a depth of from sub-um to several hu ndred ujn wherein fluid is fed to the fine channel, has been noted. • 
The fine particles referred to in this text include fine droplets, fine particles in a state of fine droplets wherein only their 
surface portion is hardened (hereinbelow, referred to as "partially hardened") or fine particles in a semisolid state having 
a very high viscosity other than fine particles in a solid state. Such fine channel has suggested to be used for a very 
efficient chemical reaction due to effects of a short diffusion distance of molecule and a large specific interfacial area 
in a fine space (see, for example, a non-patent document 1 by H. Hisamoto et. al. "Fast and high conversion phase- 
transfer synthesis exploiting the liquid-liquid interface formed in a microchannel chip" Chem. Commun published in 
2001 , 2662-2663 pages). 

[0003] Further, fine particles having very uniform particle size can be produced by feeding two kinds of liquid having 
different interfacial tensions into channels having a confluent portion (see, for example, a non-patent document 2 : 
"production of fine droplets in liquid in microchannel", p.59, preliminary papers for lectures in the 4 th chemical and 
microsystem society, by Takashi Nishisako, published in 2001) and a patent document 1: Japanese Patent No. 
2975943). The non-patent document 2 shows a T-letter like fine channel device comprising a fine channel substrate 
1 in which a continuous phase inlet port 2, a continuous phase inlet channel 3, a dispersion phase inlet port 4, a 
dispersion phase inlet channel 5, an outlet channel 7 and an outlet port 8 are formed wherein a confluent portion 6 is 
formed in a portion at which introduced continuous phase and dispersion phase join, as shown in Fig. 1(a). In the T- 
letter like fine channel, the depth of each channel is 1 00 am, the width of the inlet channel for feeding the dispersion 
phase is 1 00 urn and the width of the inlet channel for feeding the continuous phase is from 300 to 500 urn. When the 
supply of fluid is carried out by using the T-letter like fine channel while flow rates of the dispersion phase and the 
continuous phase are controlled, it is possible to produce very uniform fine particles at the confluent portion. Further, 
it is possible to control the particle size of fine particles to be produced by controlling flow rates of the dispersion phase 
30 and the continuous phase. 

[0004] However, the above-mentioned technique used a fine channel in which the width of the inlet channel for the 
continuous phase was 3 to 5 times wider than the width of the inlet channel for the dispersion phase. Accordingly, 
when the dispersion phase and the continuous phase are fed at the same flow rate, the linear velocity of the dispersion 
phase in the inlet channel having a narrower width is fast so that the dispersion phase and the continuous phase form 
a laminar flow in the downstream of the confluent portion. As a result, there was a problem of difficulty in producing 
fine particles at the confluent portion. 

[0005] To overcome such problem, it is necessary to supply the continuous phase excessively. However, when the 
production of fine particles was conducted in an industrial scale, it was necessary to increase the quantity of the con- 
tinuous phase excessively in comparison with the quantity of the dispersion phase. This invited a problem of difficulty 
in cost reduction or the lowering of an amount of waste liquid. 

[0006] Further, in the techniques proposed in the non-patent document 2 and the patent document 1 , the production 
of composite capsules or multiple capsules was difficult, and the improvement of these techniques has' been required. 
[0007] Further, since the fine particles produced by the techniques proposed in the non-patent document 2 and the 
patent document 1 provide a relatively small fluctuation of particle size and a uniform particle size, an attempt that a 
chemical compound for forming the fine particles is hardened by cross-linked polymerization or the like to use the 
hardened fine particles as fine particles in a gel state having a uniform particle size, used for a packing material for a 
batching/separating column, has been made. However, when the produced fine particles were collected into a beaker 
at the outside of the fine channel and the fine particles were hardened by cross-linked polymerization, the shape of 
the fine particles was deformed in a time from the collection to the hardening of the fine particles, or the agglomeration 
of fine particles was resulted. Accordingly, the fluctuation of particle size of the hardened fine particles became large, 
and it was difficult to separate the fine particles before being hardened from a medium. Accordingly, improvement of 
these techniques has been required. 

[0008] Further, an attempt of causing a chemical reaction in the fine channel or applying the fine particles to industrial 
production has been done by taking advantages of the fine space which allows an efficient chemical reaction due to 
effects of a short diffusion length of molecule and a large specific interfacial surface as described before, or allows the 
production of fine particles having uniform particle size by feeding two kinds of "liquid having different interfacial tensions 
to channels having a confluent portion. In this case, the use of a single fine channel necessarily results a less yield 
per unit time due to the small fine space. However, if a large number of fine channels can be arranged in parallel, the 
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yield per unit time can be obtained while the advantage of the fine channel can be taken (see, for example, a non- 
patent document 3: "Synthesis in high yield microchannel of pile-up micro -reactor", preliminary papers for lectures in 
the 3 th chemical-micro system society, by Kikutani et. al. , p.9, published in 2001 ). The non-patent document 3 proposes 
that microchannel substrates 1 having a single microchannel are piled up wherein common portions such as inlet ports 

5 for a reaction solution and outlet ports for a reacted product are connected by vertically penetrated holes. It can be 
considered that the degree of accumulation of fine channels each being the minimum unit can be increased two- 
dimensionally, or three-dimensionally by a piling-up technique in order to achieve chemical synthesis or produce fine 
particles in a large quantity while the advantage of the fine space is taken. However, it is very difficult to distribute 
uniformly fluid to fine channels arranged two dimensionally or three-dimensionally, and the improvement is required. ■ 

w [0009] The non-patent document 1 suggests that an efficient chemical reaction can be conducted, without a special 
stirring operation, due to prompt diffusion of molecules, which is resulted by a short diffusion length of molecule and 
a large specific interfacial area in a fine space, and a side reaction which may successively occur, can be suppressed 
by the fact that a chemical compound resulted from a chemical reaction can promptly be extracted and separated from 
a reaction phase to an extraction phase. 

15 [0010] In the techniques described in the above-mentioned documents, a Y-Jetter like fine channel 16 as shown in 
Fig. 2(a) is used. An organic phase 12 in which a raw material dissolved and an aqueous phase 13 are fed to the Y- 
letter like fine channel 16 to conduct reaction or extraction at the boundary 14 between the organic phase and the 
aqueous phase, which is formed at a Y-letter like confluent portion. The Reynolds number is generally less than 1 in 
a channel in a microscale, and the two introduced phases provide a laminar flow as show in Fig. 2(a) unless flow rates 

20 of these phases are exceptionally increased. Further, since the diffusion time is in proportion to the second power of 
the width 9 of the fine channel, the mixing is accelerated by the diffusion of molecules, without positively mixing the 
reaction liquid, as the width of the fine channel is made more smaller, whereby reaction or extraction is apt to occur. 
Generally, a large specific interfacial surface provides a more efficient reaction or extraction. Here, the specific inter- 
facial surface means the ratio of an interfacial area to the total volume of the phases when the interface is formed by 

25 the mutual contact of the phases. In reaction or extraction, a material can transfer to the other phase only through the 
interface. Accordingly, a large specific interfacial area means a highly efficient reaction or extraction being obtainable. 
[0011] The method for calculating the specific interfacial area in a fine channel will be described by using Fig. 2(b) 
which is a stereoscopically cross-sectioned view obtained by cutting out a portion of a confluent portion in a Y-letter 
like channel. When the width 9 of the fine channel is expressed by W (urn), the unit length 24 of the fine channel is L 

30 (u/n) and the depth 25 of the fine channel is d (urn), the total volume of the organic phase 12 is expressed by (W/2) x 
d x L (um 3 ). Further, the area of the boundary 14 between the aqueous phase and the organic phase is expressed 
by d x L (um 2 ). Accordingly, the specific interfacial area is expressed by (d x L)/{(W/2) x d x L} = 2 x 10 4 /W (cm' 1 ) 
whereby it is understood that the specific interfacial area can be determined by only the width W of the fine channel 
irrespective of the length and the depth d of the fine channel. For example, the specific interfacial area under the 

35 condition that the width of the fine channel is 1000 (u.m), is 20 (crrr 1 ). On the other hand, the specific interfacial area 
under the condition that the width of the fine channel is 100 (ujti), is 200 (crrr 1 ). Accordingly, as the width of the fine 
channel is made more smaller, the specific interfacial area increases whereby ah efficient chemical reaction or extrac- 
tion is obtainable. 

[0012] However, the efficiency of reaction or extraction across the laminar flow shown in Fig. 2(a) means conversely 
40 the shortening of diffusion time and the magnitude of the specific interfacial area of the fluid boundary, i.e., a restriction 
by the width of the fine channel. Namely, the diffusion time and the specific interfacial area of fluid boundary are de- 
termined by the width of the fine channel used for reaction or extraction, and the efficiency of reaction or extraction 
cannot be improved much more than the efficiency determined by the width of the fine channel. Further, although it is 
possible to increase the efficiency of reaction or extraction by making the width of the fine channel smaller whereby 
45 the diffusion time can further be shortened and the specific interfacial area can further be increased, as described 
above, the reduction of the width of the fine channel is not realistic because smaller the width of the fine channel is, 
larger the pressure loss is, and the liquid supply itself becomes difficult. Accordingly, there is a limit in reducing the 
width of the fine channel, and improvement is required. 

[0013] A first problem in producing fine particles in a fine channel by the above-mentioned conventional techniques 
so is that when uniform fine particles are to be produced at the confluent portion for a continuous phase and a dispersion 
phase in a fine channel, the dispersion phase and the continuous phase form a laminar flow, so that it is difficult to 
produce fine particles stably at the confluent portion. 

[0014] A second problem of the conventional techniques is that it is necessary to supply the continuous phase ex- 
cessively in order to produce fine particles at the confluent portion, whereby the cost reduction of the continuous phase 
55 for producing, for example, gel, industrial mass production or the production of fine particle per se becomes difficult. 
[0015] A third problem is a requirement for producing composite capsules or multiple capsules. 
[001 6] A fourth problem is that when fine particles to be produced are fine droplets and the fine droplets are collected 
in a beaker at an outside of the fine channel, followed by hardening the fine droplets by cross-linked polymerization, 
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channel; 

Fig. 6 is a conceptual diagram showing a method for feeding a dispersion phase linearly in a fine channel from 
one side; feeding a continuous phase from the other side to form fine particles by chopping the dispersion phase 
by the continuous phase in the vicinity of a confluent portion of the fine channel, and discharging the fine particles 
into an arbitrarily direction; 

Figs. 7(a) to 7(g) are conceptual diagrams showing methods for forming fine particles by providing one or a plurality 
of dispersion phase inlet channels for feeding a dispersion phase and one or a plurality of continuous phase inlet 
channels for feeding a continuous phase to let the dispersion phase and/or the continuous phase to be a plurality 
of laminar flows of fluid, a mixture or emulsion, and chopping the dispersion phase by the continuous phase in the • 
vicinity of a confluent portion of the fine channel; 

Fig. 8(a) is a schematic diagram showing a method for hardening fine particles by the irradiation of light from a 
light irradiation means disposed outside : and Fig. 8(b) is a schematic diagram showing a method for hardening 
fine particles by the irradiation of light through a mask; 

Fig. 9(a) is a schematic diagram showing a method for hardening fine particles by heat from a heating means 
disposed outside, and Fig. 9(b) is a schematic diagram showing a method for hardening fine particles by the heating 
means disposed inside the fine channel device; 

Fig. 10 is a conceptual diagram showing the most basic arrangement of fine channels for feeding fluid uniformly 
to a plurality of fine channels arranged in a two-dimensional form or a three-dimensional form; 
Fig. 11 is a conceptual diagram showing an example of the arrangement of fine channels for feeding fluid uniformly 
to a plurality of fine channels arranged in a two-dimensional form or a three-dimensional form wherein the cross- 
sectional area of a common channel is gradually increased from an inlet port for the common channel to an outlet 
port for the common channel; 

Fig. 1 2 is a conceptual diagram showing an example of the arrangement of fine channels for feeding fluid uniformly 
to a plurality of fine channels arranged in a two-dimensional form or a three-dimensional form wherein fluid is 
supplied from two common channels to a plurality of Y-letter like fine channels; 

Fig. 1 3 is a conceptual diagram showing an example of the arrangement of fine channels for feeding fluid uniformly 
to a plurality of fine channels arranged in a two-dimensional form or a three-dimensional form wherein a common 
channel is formed to have a circular arc form; 

Fig. 14(a) is a conceptual diagram showing an embodiment of the arrangement of fine channels for feeding fluid 
uniformly to a plurality of fine channels arranged in a two-dimensional form or a three-dimensional form wherein 
a plurality of fine channel substrates each having a fine channel are piled up and a common channel is formed to 
penetrate the fine channel "substrates, Fig. 14(b) is a cross-sectional view taken along a line D-D 1 in Fig. 14(a), 
and Fig. 14(c) is a cross-sectional view taken along a line E-E* in Fig. 14(a); 
Fig. 15 is a conceptual diagram showing fine particles produced in a fine channel; 

Fig. 16 is a conceptual diagram showing a solvent extraction method as an application of fine particles of the 
present invention wherein fluid containing a material to be extracted is fluid obtained by feeding two kinds of fluid 
containing raw materials separately to channels, mixing and reacting in a reaction phase in a channel; 
Fig. 17 is a conceptual diagram showing an example of extracting a product in a fine channel for producing the 
product by a reaction caused in the fluid boundary wherein two kinds of fluid containing raw materials are supplied 
as continuous phases and a dispersion phase is fed through another channel so that fine droplets are formed at 
the fluid boundary by chopping the dispersion phase as an extracting solvent by the continuous phases to extract 
the product produced at the fluid boundary; 

Fig. 18 is a conceptual diagram showing an example of separating an extracted material wherein fluid containing 
a material to be extracted is transformed into fine droplets as a dispersed phase, and an extracting solvent as a 
continuous phase is supplied so that solvent extraction is conducted by the phase transfer, and at least the front 
surface of each fine droplets is hardened to separate the material to be extracted; 

Fig. 19 is a conceptual diagram showing an example of separating a material to be extracted wherein fluid con- 
taining a material to be extracted is supplied as a continuous phase, and an extracting solvent as a dispersed 
phase in a form of fine droplets is supplied so that solvent extraction is conducted by the phase transfer, and at 
least the surface of each fine droplets is hardened to separate the material to be extracted; 
Fig. 20(a) is a schematic diagram showing the fine channel shown in Examples 1, 6 or 8, and Fig. 20(b) is an 
enlarged cross-sectional view taken along a line F-F' in Fig. 20(a); 
Fig. 21 is a schematic view showing the fine channel device according to Example 1 ; 
Fig. 22 is a schematic view showing a fine particle producing method in Example 1 ; 
Fig. 23 is a schematic view showing how fine particles shown in Example 1 is produced; 
Fig. 24 is a diagram showing fine particles produced in Example 1 ; 

Fig. 25(a) is a schematic view showing fine channels according to Example 2 and Fig. 25(b) is an enlarged cross- 
sectional view taken along a line G-G' in Fig. 25(a); 
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Fig. 26(a) is a schematic view showing a fine channel according to Comparative Example 1 , and Fig. 26(b) is an 
enlarged cross-sectional view taken along a line H-H' in Fig. 26(a); 

Fig. 27(a) is a schematic view showing a fine channel according to Example 3, Fig. 27(b) is an enlarged view of 
the portion indicated by numeral 6, and Fig. 27(c) is a schematic view showing Comparative Example in which the 
fine channel has no projection; 

Fig. 28(a) is a schematic view showing a fine channel according to Example 4, and Fig. 28(b) is an enlarged cross- 
sectional view taken along a line M-M' in Fig. 28(a); 

Fig. 29(a) is a schematic view showing a fine channel according to Example 5, and Fig. 29(b) is an enlarged cross- 
sectional view taken along a line N-i\T in Fig. 29(a); 

Fig. 30 is a schematic view showing an arrangement of fine channels according to Example 7; 
Fig. 31 is a schematic view showing an arrangement of fine channels in Comparative Example 2; and 
Fig. 32 shows several embodiments how at least one projection is formed in a bottom, upper and/or side surface 
of a fine channel, wherein Fig. 32(a) is a conceptual diagram of a fine channel having at least one projection in a 
circled portion indicated by a reference numeral 6, Fig. 32(b) is an enlarged view of the circled portion 6 in Fig. 32 
(a); Fig. 32(c) is an enlarged cross-sectional view taken along a line O-O' in Fig.32 (b); Fig. 32(d) is an enlarged 
view of the circled portion 6 in Fig. 32(a); Fig. 32(e) is an enlarged cross-sectional view taken along a line P-P in 
Fig. 32(d); Fig. 32(f) is an enlarged view of the circled portion 6 in Fig. 32(a); Fig. 32(g) is an enlarged cross- 
sectional view taken along a line Q-Q' in Fig. 32(f); and Fig. 32(h) is an enlarged view of the circled portion 6 in 
Fig. 32(a); Fig. 32(f) is an enlarged cross-sectional view taken along a line R-R' in Fig. 32(h). 

[0029] The present invention will be described in more detail. 

(Fine particle producing method) 

25 [0030] Fine channels used in the present invention generally have a channel size wherein the width is 500 urn or 
less and the depth is 300 ixm or less. 

[0031] Fine particles in the present invention are fine particles produced by chopping a dispersion phase by a con- 
tinuous phase in a fine channel. In the size of fine particles, the diameter of each fine particle is generally smaller than 
the width or the depth of the fine channel. For example, assuming that each fine particle is in a complete spherical 
body, the diameter of the fine particle produced in a fine channel having a width of 1 00 ujn and a depth of 50 urn is 
smaller than 50 ujti. Fine particles in the present invention include fine droplets, semi-hardened fine particles wherein 
only the surface of fine droplets is hardened, and fine particles in a semisolid state having a very high viscosity other 
than fine particles in a solid state. 

[0032] A dispersion phase used in the present invention is a fluid medium for producing fine particles in a fine channel 
device, such as a monomer to be polymerized such as styrene, a cross-linking agent such as divinylbenzene or a 
medium obtained by dissolving a gel-producing material such as a polymerization initiator in an appropriate solvent 
Since the present invention aims at producing fine particles efficiently, the dispersion phase is not particularly limited 
as far as it can be fed through a fine channel in the fine channel device, and the component for the dispersion phase 
is not in particular limited as far as it can form fine particles. Further, the dispersion phase may be in a slurry state 
wherein for example, a solid substance such as fine powder is mixed in the dispersion phase, or may constitute a 
laminar flow formed by a plurality kinds of fluid. Further, the dispersion phase may be a mixed fluid or emulsion formed 
by plural kinds of fluid. 

[0033] A continuous phase used in the present invention is a fluid medium used for producing fine particles from the 
dispersion phase in the fine channel device. For example, the continuous phase may be a medium obtained by dis- 
solving a gel-producing dispersant such as polyvinyl alcohol in an appropriate solvent. The continuous phase is not in 
particular limited as far as it can be fed to the fine channel in the fine channel device in the same manner as the 
dispersion phase, and the component is not in particular limited as far as it can form fine particles. Further the contin- 
uous phase may be in a slurry state wherein a solid substance such as fine powder is mixed with the continuous phase 
or may constitute a laminar flow formed by plural kinds of fluid. Further, the continuous phase may be a mixed fluid or 
emulsion formed by plural kinds of fluid. With respect to the composition of produced fine particles, when the outermost 
layer of each fine particle is composed of an organic phase, the outermost layer of the continuous phase is an aqueous 
phase, and when the outermost layer of each particle is an aqueous phase, the outermost layer of the continuous 
phase is an organic phase. 

[0034] Further, it is preferable that the dispersion phase and the continuous phase are difficult to be dissolved with 
each other or have no compatibility in order to produce fine particles. For example, when an aqueous phase is used 
as the dispersion phase, an organic phase such as butyl acetate insoluble substantially to water should be used as 
the continuous phase. When an aqueous phase is used as the continuous phase, the dispersion phase should be used 
adversely. 
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[0035] In the fine particle producing method of the present invention, the dispersion phase and the continuous phase 
are fed to inlet channels in the fine channel device of the present invention, which will be described later, and fine . 
particles are produced by chopping the dispersion phase by the continuous phase at the confluent portion at which 
both phases join. In this case, the particle size of produced fine particles can be controlled by changing the angle of 

5 the confluent portion at which an inlet channel for feeding the dispersion phase and an inlet channel for feeding the 
continuous phase join. This method can easily control the particle size of the produced fine particles in comparison 
with the conventional fine particle producing method using a fine channel device wherein rates for feeding the dispersion 
phase and the continuous phase are different. Therefore, the method according to the present invention is suitable for 
industrial mass production. In particular, when the rate of feeding the dispersion phase is substantially equal to the ■ 

w rate of feeding the continuous phase, it is sufficient to use only a single feeding device, which is advantageous in an 
aspect of cost. The meaning that the rate of feeding the dispersion phase is substantially equal to the rate of feeding 
the continuous phase is that there is no substantial influence to the particle size of fine particles to be produced even 
though there is a certain fluctuation in the feeding rate. Thus, it is possible to produce fine particles having uniform 
size in a stable manner without the necessity of feeding the continuous phase excessively. For example, the cost of 

15 the continuous phase for producing gel can be reduced, and industrial mass production becomes possible. 

[0036] The basic system for joining a continuous phase and a dispersion phase according to present invention is 
shown in Fig. 3. In Fig. 3, the continuous phase is fed from a continuous phase inlet port 2 of a Y-letter like fine channel 
and the dispersion phase is fed from a dispersion phase inlet port 4 whereby fine particles 1 7 are produced by chopping 
the dispersion phase by the continuous phase at a confluent portion 6. However, the present invention is not limited 

20 to such system. As other systems, there is a system as shown in Fig. 4 that continuous phases 10 are fed so as to 
make the continuous phases contact with the dispersion phase 15 at a confluent portion 6 of the fine channel 16 
whereby the dispersion phase 15 is chopped so that fine particles 17 are produced. There is another system as shown 
in Fig. 5 that at least two dispersion phases 15 are fed so as to make the dispersion phases 15 contact with the 
continuous phase 10 at a confluent portion 6 of the fine channel 16 whereby the dispersion phases are chopped by 

25 the continuous phase so that fine particles 1 7 are formed, or another system as shown in Fig. 6 that a dispersion phase 
is fed linearly from one side of the fine channel 16 and a continuous phase 10 is fed from the other side to join the 
dispersion phase and the continuous phase at a confluent portion 6 of the fine channel 16 whereby fine particles 17 
are produced. The produced particles may be fed in an arbitrary direction or directions from the joined position to be 
discharged. Thus, fine particles can be produced more effectively. In the system shown in Fig. 6, fluid containing the 

30 produced fine particles is joined again to another fluid to obtain fine particles for recovery. 

[0037] Further, as shown in Figs. 7(a) to 7(g), one or a plurality of dispersion phase inlet channels 5 for feeding 
dispersion phases and one or a plurality of continuous phase inlet channels 3 for feeding continuous phases 10 may 
be provided so that the dispersion phases and the continuous phases form laminar flows composed of plural kinds of 
fluid, a mixed liquid or emulsion. According to each of the fine channels shown in Figs. 7(a) to 7(g), fine particles of 

35 multi-layer structure or fine particles containing many different kinds of fine particles can be formed, or composite 
microcapsules or multiple microcapsules can be produced. Further, the continuous phase and/or the dispersion phase 
may contain fine powder. 

[0038] Further, in the present invention, when fine particles produced at the confluent portion of the fine channel are 
fine droplets to be hardened, it is preferable to harden the fine droplets in and/or out the fine channel. Further it is 

40 preferable that in order to form hardened fine particles having a uniform size, fine droplets are hardened continuously 
in a fine channel provided at the outside of the outlet port of the fine channel device after the fine droplets are discharged 
from the outlet port after having been passed through the outlet channel. In order to obtain cured fine particles having 
more uniform particle size, it is more preferable that the fine droplets are hardened in the fine channel, i.e., in the outlet 
channel of the fine channel device immediately after they are produced at the confluent portion of the fine channel. 

45 [0039] Another way to harden fine droplets in the present invention is to harden the fine droplets by irradiating light. 
The light used in this case is preferably ultraviolet rays because a material for the fine droplets to be hardened can be 
selected from more kinds of material. As shown in Fig. 8(a), light irradiation 21 may be conducted in the outside of the 
fine channel device after fine droplets is discharged through the outlet port 8 of the fine channel device 19. However, 
it is preferable for the purpose of making the particle size of fine particles more uniform that light irradiation 21 is 

50 conducted immediately after the fine droplets have been produced at the confluent portion 6 of the fine channel so that 
they are hardened in the outlet channel 7 of the fine channel device 19, as shown in Fig. 8(b). In this case, however, 
when light irradiation is conducted at the outlet channel of the fine channel device, a mask 22 should be provided so 
that a light irradiation spot 20 is given to a necessary portion in the fine channel device, i.e. : a portion of the outlet 
channel where the fine droplets are hardened by the irradiation of light as shown in Fig. 8(b), excluding a portion of 

55 the outlet channel where the fine droplets are not yet produced. In Figs. 8(a) and 8(b), numeral 26 designates a beaker 
and numeral 27 designates a Teflon tube. 

[0040] Further, according to the present invention, there is another fine particle producing method in which fine drop- 
lets are hardened by heat from a hardening means. As shown in Fig. 9(a), a heater 28 is disposed at the outside of 
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HowZ f ■? eV ' C V 9 t0 hSat fine dr0plets after the V have been discharged from the outlet port 8 of the device 
fine dron T ^ *" ** PUrpOSe ° f makin9 the particle size of the fine Nicies more uniform that the 
IZrZr 7 h ff? bV 3 hSa,er 28 10 harden them in the outlet channel 7 of the f ™ Channel device 1 9 iZedtate'v 
5 £ l as ! llT '? "I 6 " Pr ° dUCed at the COnf,Uent P° rtion 6 of the fine channel, as shown in Fig 9^) n he 
mil? h h k 9 IS , Conducted at the ° utlet channel in the fine channel device, however, a thermal nsu at ton 

ZZ:Z ma h y b ? A kn ° Wn therma ' inSU ' ati0n t6Chnique such as embeddin 9 a " i^ulation mateTaMn tht ne 
^ be P rovided to separate a portion of the outlet channel where the fine dropS are not ye" 
produced and the hardening of the dispersion phase should not be caused before the fine droplets are p reduced from 
a portion of the outlet channel where the fine droplets are hardened by heat produced, from 

10 5 «H f Wh r d T' etS l ° 66 hardened ^ Eradiating light or heating in the present invention the entirety 

of each Jne droplets may be hardened or the fine droplets may be hardened partially to such extent hat he haee of 
the me droplets ,s not deformed or the fine droplets do not agglomerate. In this case the fine pa^JaXISEm 
part.de s.ze can be obtained by recovering partially hardened fine particles in a beaker 26 or the like and haS™ 
them completely by conducting again the irradiation of light or heating hardening 

15 S°°? J 7T' by C0llectin 9 fine dr °P' ets as fine particles produced at the confluent portion of the fine channel in a 

the dlnl^ ° UtSlde °' Channe ' and hardenin 9 thS fine dr °P ,ets °V cross-linking po^aTonTiJ ike 
the disadvantage of an increase of fluctuation of particle size of hardened fine particles because the shape of the ine 

each oth ' S def T ed / n 3 time fr0m the eduction of the fine droplets to the hardening, or the fine particle ^ ome Ite 
each other, can be eliminated, and fine particles having uniform particle size can be obtained Further it can bT easv 
to separate the fine droplets from a medium by hardening them V 

n°r«!L AS deSCr ' b u ed above ' as one of most Preferable embodiments of the fine particle producing method of the 
present invention , there is a fine particle producing method for producing fine particles by ustog a fine Channel dev toe 
provided wrth an inlet port and an inlet channe. which feed a dispersion phase as a medium con^ato n ^produc inq 

2Z rsant antin" tfl T Chann6 ' * phaSe as a medium containing^ J -prolog 

t n iZ ™ t . an ° Ut,et P ° rt Which diScharge fine P articles P roduc ed by the dispersion phase 

11 the CO nT U ° US " K aS6 ' CharaCleri2ed in that the dis P--°n Phase is transformed into fine particles by being joined 
with the continuous phase, the particle size of the fine particles is controlled by changing the anale of the Slen, 
portion at which the inlet channe, for feeding the dispersion phase is joined with the" inle channel fo feeding the 
- TSSi TnX Sin; 6 *" PartiC ' eS * ^ Channe ' M °« ^ ^ cha ™ al b X irrS^ 

for^ssure-meru^ ° f PreS6nt ,nVBnt,on - ,he fine particles are used for microcapsules 

Z^l ? meas "rmg films, non-carbon (pressure sensitive) papers, toner, adhesives for seal-lock agents insulation 

^^Z^^SS^ m f ria ' S ' heatin9 P h ^chromic glass, ^oc^Z^TZ 

perature sensitive liquid crystal, temperature-sensitive dye), magnetophoretic capsules, agrichemicals svnthetic diet 

rDsTdmTdeter^'r S T a T C °' d Cream ' MpStiCkS ' CapSUl6S f ° r Vitamins ' activated carbonTapsu E 2£St? 
™^ 9 Z:ZZTlZ 9ei ^ 3 PaCWn9 mat6rial ^ 3 hi9h " SPeed NqUid cb - a tcaraphy colu' n, gap adjust 

(Fine channel device) 

ITai in^ C D Trt in a 9 nd°^n P .l e t Se h ' '™VTl * prwWed 3 finS Chan n6 ' device COm P risin 9 a ^ channel provided 
continue k ! 3nnel Wh,Ch fe6d 3 dis P ersion Phase, an inlet port and an inlet channel which feed a 

U ° U f f P h haSe ' and an outlet channel and an outlet port which discharge fine particles produced by th7dtep«S,n 
ch a nL a f f c ° nt 7 0US P nase - characterized in that the inlet channe. for feeding the dispersion phase and theTnte" 
to the o III t . e 9 . ,he Continuous P ba ^ are joined at an arbitrary angle, and sa,d two inlet channels are colnectid 
1 L M nne ' 31 arbitrarV ang ' e - Fine Channel devices as shown in 3 to 7 can be considered as spec fic 

3T0 7 b m ut r eve ;' f th : fine channei device of the presem inventi ° n is ™ ^ * «* -SS X* 

JLl' ,M 0Pt,0na " y 85 far 33 the Spirit °' the P resent invention can be realized Further the «ne 

n^tt 1 H .T' th ? in ' et P ° rt '° r f 6eding the dis P ersion Phase means an opening portion for introducing the dispersion 

s m ri r t d h rr n ;: e 0 p rt °i:r b ; pr r ed with an appropriate attacnment to ,eed tne dis p- si - 

phTse and thl ^1^11^ 9 tne /: nt,n u U0US P hase means a " °P a ning portion for introducing the continuous 

r0047l' Thl i ? ^ Pr ° V 6d W ' th an a PP r °P riale attachment to feed the continuous phase continuously 

nh a « • T w T ?™ e * f ° r f6eding thS dis P ersio " Phase is communicated with the inlet port so that the disoerston 

S2Se T 9 6 ' n 6t ChanneL The Shape ° f thS inl6t Channel - whte h influences in control! Z 

an ou I ^1?^ S Sh0U ' d haVS 3 Wid,h ° f ab ° Ut 300 ^ 0r ,ess ' and should ba in a -itabto orrn to Join o 
an outlet channe. at an arbitrary angle. Similarly, the inlet channel forfeeding the continuous phase is commun cated 
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with the inlet port so that the continuous phase is fed along the inlet channel. The shape of the inlet channel, which 
influences in controlling the shape and particle size of fine particles, should have a width of about 300 p.m or less, and* 
should be in a suitable form to join to the outlet channel at an arbitrary angle. 

[0048] The outlet channel is communicated with the above-mentioned two inlet channels and an outlet port. After 
5 the dispersion phase and the continuous phase have joined, they are fed along the outlet channel to be discharged 
from the outlet port. The shape of the outlet channel, which is not in particular limited, should have a width of about 
300 urn or less, and should be in a suitable form to join to the inlet channels at an arbitrary angle. Further, the outlet 
channel may be constituted by two or more outlet channels branched at the confluent portion. The outlet port means 
an opening portion for discharging produced fine particles. The outlet port may be provided with an appropriate attach- 
to ment so that a phase containing produced fine particles is discharged continuously. In this specification, these channels 
may be referred to as a fine channel as a whole. 

[0049] In the fine channel device of the present invention, it is preferable that the inlet channel for feeding the dis- 
persion phase and the inlet channel for feeding the continuous phase are joined at an arbitrary angle, and said two 
inlet channels are connected to the outlet channel at the arbitrary angle. By determining the angle of the confluent 
is portion at which the two inlet channels join, it is possible to control fine particles produced at the confluent portion to 
have a predetermined particle size. The angle at the confluent portion can be determined appropriately depending on 
an intended particle size. 

[0050] With respect to shapes in cross section of the inlet channel and the outlet channel, it is preferable that the 
aspect ratio in cross section of either channel is in a range of from 0.30 to less than 3.0. By keeping the aspect ratio 
20 of such range, uniform fine particles can be produced at the confluent portion. If the aspect ratio is less than 0.3 or not 
less than 3.0, it may be difficult to produce uniform fine particles. 

[0051] Further, when the width and the depth of the inlet channel for feeding the dispersion phase and the inlet 
channel for feeding the continuous phase are equal respectively, designing of the fine channel device becomes easy 
and the control of fluid supply becomes also easy in addition to the above-mentioned advantage. Therefore, the fine 

25 channel device is suitable for industrial mass production. 

[0052] Further, in the relation between the width of the inlet channel and the width of the outlet channel, the width 
of the inlet channel should not be smaller than the width of the outlet channel. In this case, it is possible to produce 
uniform fine particles at the confluent portion even though the fuel supply rate is increased in comparison with a relation 
that the width of the inlet channel < the width of the outlet channel. Thus the rate of producing fine particles can be 

30 increased. 

[0053] With respect to the width of the outlet channel, it is preferable that the width of the outlet channel is narrowed 
at a portion in the outlet channel portion from the point at which the dispersion phase and the continuous phase join, 
to the outlet port. Specifically, in a path before reaching the outlet port for fine particles, a narrowed portion is formed 
at the confluent portion at which the inlet channel and the outlet channel join; a convex portion is formed in a wall 
35 constituting the path for the dispersion phase, or at least one projection is formed in at least one surface among a 
bottom surface, an upper surface and side surfaces as shown in Figs. 32(b) to 32(i). Accordingly, it is possible to 
produce uniform fine particles at the confluent portion even when the rate of fluid supply is increased, and it is possible 
to suppress an increase of fuel supply pressure. 

[0054] Further, it is preferable that the portion where the width of the outlet channel is narrowed is formed at the 
40 confluent portion in the discharge channel or in the vicinity thereof. In particular, it is preferable that the portion where 
the width of the outlet channel is narrowed is at a side of inlet channel for feeding the dispersion phase with respect 
to the confluent portion of the outlet channel. 

[0055] Further, in the fine channel device of the present invention, a plurality of fine channels are arranged in atwo- 
dimensionally or a three-dimensionally in the device whereby fine particles can be produced in an industrial scale. 

45 However, there is requirement that fluid be distributed uniformly in the plurality of fine channels arranged two-dimen- 
sionally or three-dimensionaliy. Accordingly, it is preferable that the fine channel device comprises an inlet port for 
feeding fluid, an outlet port for discharging the fluid, a common channel formed in a substrate to communicate the inlet 
port with the outlet port, and at least one fine channel communicated with the common channel at positions different 
from the inlet port and the outlet port characterized in that the cross-sectional area of the common channel is increased 

so gradually from the portion where the inlet port is communicated with the common channel to the portion where the 
outlet port is communicated with the common channel, or unchanged. 

[0056] Fig. 1 0 shows the most basic conceptual diagram of the fine channel device of the present invention. A com- 
mon channel inlet port 32 for feeding fluid and a common channel outlet port 31 for discharging fluid are formed at 
both ends of a common channel 29, and fine channels 16 having smaller inner diameter (channel width) than the 
55 common channel are provided between the common channel inlet port 32 and the common channel outlet port 31 . 
The fine channels 16 are formed in a substrate. The inner diameter of each fine channel is generally about several 
tens to about 300 urn. On the other hand, it is desirable that the inner diameter of each common channel is from about 
500 u.m to several mm. Although there is in particular no limitation about the inner diameter of a channel connecting 
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i h If rIT 0 " C T ne ' in ' et P ° rt t0 the C ° mmon Channel ' il is desirable that ,he inner diameter is from about 500 urn to 

d amLt^oTa c ann'r 6 T 3 k C ° mm0n ChanneL Alth0U9h th6re iS in P articular ™ "mitaZabo t the inn r 
diameter of a channel connecting the common channel outlet port to the common channel it is desirable that it Is from 
several tens to about 300 urn in the same manner as the fine channel ° m 

S ^mmn'T ^ arran9ement of the fine channeIs * not in particular limited as far as they are communicated with 
the common channel at positrons different from those of the common channel inlet port and the common chanSouTt 

S?n. r S T a " V H " iS T eferable tha * the fine Channel device is constructed h «* a maTeThat an numbe 
anne* Tc^c TS7 " fin ! Chan , ne ' Yl f0mied at the P ° Siti0n Closest 10 the c ™ chann* inlet port and "fine 
TZt\ ll , *.! P0S ' t,0n C ' 0SeSt ,0 the COmmon channel outlet P° rt are communicated with the common • 
channel, wherein when the position of communication to the common channel inlet port is indicated by X the oo^on 

X TdTT T ' Channe ' Yl C,0S6St t0 thS C ° mm0n Channel inlet P° rt is **** by t Z Krtbetween 

port s indicld v e x C0m r D C o h s T nel 1 *> ^ P ° Siti ° n ° f C ~ ica «- to the common chtnefout Z 

port is .nd.cated by X n+1 , the posrtion of communication of the fine channel Y n closest to the common channel outlet 
port , indicated by X and the length between X n and X n+1 along the common'channe. is indicated" "a 
fLl'ln? , I* •? ° Wn ^ 1 °' Wh6reby f ' Uid Can be distributed uniformlv »° ^ne channel 'to Y and 
Jo a ^ etua, 03 " * M ^ additi ° n ' SUCh ^ Ca " fUrth6r be improved b * ^ distences"^ 

ra 5 s 8 ubsrr e he a ni h ! T Channe ' ^ SUCh 3 S,mCtUre that 8 pluralit y of common cha "nels are formed 

20 L«i common channel is communicated with fine channels. 

orSL in?*, 11 t0 14 areconce P tual dia 9 r *™ showing some embodiments of the present invention However the 

[0060] Fig. 1 1 is a conceptual diagram showing an embodiment wherein the inner diameter of the common channel 
,s increased gradually from a common channel in.et port 32 to a common channe. outlet port 31 "hfe caTe the!nne 

stoTm to"; mm te a d n d b r h a ^ 2 " ^ CM * 3 P ° Siti ° n ^ ^ <»™<^£~£ZZ 

[0061] Fig. 12 shows an embodiment wherein fine channels 16 indicator! hv/ V to v arfl f 

By using the fine channel device shown in Fig. 12 and by introducing into the two common channels 29 esoecSv 
he contmuous phase and the dispersion phase used in the fine particle producing maftodrttS^.SSS^ 

fine drorTt 0 h P ^ ^ Can be diStribu,ed to *• Y-letter .ike fine SZ^SSSl 

fine droplets having very unrform size can be produced in these fine channels under the same condrtto Trhi^Wl 

« zxsszzz ,ine ctem " sute, ' a, • * a rec,anguter subsw " ana ■ 

THHL.Hl; 13 Sh °"" S T"*"" v™""*™"' wherei " « <»™on chann.l 29 Is axlarrdad in a circular arc form Fine 

indl,^ h P ° S : t,0n ° f COmmunication *o and the position of communication X, a.o g he common channe? s 

0063 Fi^ ^ h 31 l ° a " +1 indiCatS ' en9thS al0n9 thS C9nter ° f the drCular - arc oommon 9 channe, 
and i ™ m ™ ' t T *" embodiment wherein fin e channel substrates 1 each having a fine channel are oiled uo 
and common channels are formed so as to penetrate the fine channel substrates. This embodiment is effective when 
T eTnn T* t 7 ? M ^ 3 tnree -^mensional manner by .aminating the UnecZ^Tjates 

LmZ h r ° C ° mm0n Channe ' S may be enlar 9 ed 9 radua »y Tom the common channeMnfet port^ to the 
common channe. outlet port 31 in the same manner as that shown in Fig. 1 1 . Reference numeral 30 designates a cover 

[0064] In the embodiments of the present invention shown in Figs. 10 to 14 fluid is oenera.lv introH„r^t. a ™ 

port. Thus, the continuous phase and/or the dispersion phase to be introduced can be used effectivelv Furt^ » t 
preferabte that the dispersion phase is fed to at least one common channel and the 00^^.^^^^ 
another common channel so that produced fine particles are discharged P 31 ' eaSt 

devS of? h ' her than ^ finechannel devices havin 9 structures and performance as described above the fine channel 
device of the present invention may be a fine channel device provided with in.et ports and in.e, channel Ceding J 
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dispersion phase and a continuous phase, a confluent portion at which the inlet channels join, and an outlet channel 
and an outlet port for discharging fluid wherein a substrate having at least one surface in which a fine channel is formed 
and a cover member having an orifice formed at a predetermined position corresponding to the fine channel, which 
communicates the fine channel to the outside of the fine channel device, the cover member being laminated integrally 

5 with the substrate so as to cover the surface having the fine channel of the substrate. The fine channel device having 
the above-mentioned structure allows to supply fluid from the outside of the device to the fine channel and can discharge 
the fluid to the outside. The fluid can stably be passed through the fine channel even when the amount of the fluid to 
be supplied is small. The fluid supply can be done by a mechanical means such as a micropump. 
[0066] As materials for the substrate having a fine channel and the cover member, it is desirable to use a material ■ 

10 enabling easy formation of the fine channel and having excellent chemical resistance and a proper rigidity. For example, 
glass, quarts, ceramics, silicone, metal or resin may be used. Sizes and shapes of the substrate and the cover member 
are not in particular limited. However, it is desirable that the thickness is several mm or less. The diameter of the orifice 
formed in the cover member is desirably several mm or less when it communicates the fine channel with the outside 
of the fine channel device and it is used as an inlet port or outlet port for fluid. The orifice of the cover member can be 

15 formed chemically, mechanically or using any means such as laser irradiation, ion etching or the like. 

[0067] In the fine channel device of the present invention, the substrate having a fine channel and the cover member 
can be laminated in one piece by means of thermal bonding or adhesion bonding using an adhesive such as a photo- 
setting resin or a heat-setting resin. 

20 (Solvent extraction method using fine channel device) 

[0068] The fine channel device of the present invention is applicable to a solvent extraction method wherein fine 
droplets are formed from an extracting solvent or fluid containing a material to be extracted, in the fine channel, and 
solvent extraction is caused by phase transfer of the material to be extracted between the dispersed phase composed 

25 of the droplets and the continuous phase surrounding the fine droplets. 

[0069] In the solvent extraction method of the present invention, either one of an extracting solvent and fluid con- 
taining a material to be extracted can be selected optionally as a dispersion phase or the other can be a continuous 
phase. Here, the material to be extracted is a material as an object of extraction, and the fluid containing a material to 
be extracted means liquid in which the material to be extracted is dissolved. The extracting solvent means liquid for 

30 extracting the material to be extracted from the fluid containing a material to be extracted. The extracting solvent should 
be capable of dissolving the material to be extracted and has a higher solubility to the material to be extracted than 
the fluid containing the material to be extracted. Further, the solvent extraction means transferring the material to be 
extracted from the fluid containing a material to be extracted into an extracting solvent by phase transfer, and the phase 
transfer means the transfer from a phase of fluid containing a material to be extracted to a phase of extracting solvent. 

35 [0070] In the present invention, either the extracting solvent or the fluid containing a material to be extracted can be 
chosen optionally as a dispersion phase and the other can be a continuous phase. Further the size (diameter) of the 
fine droplets is generally smaller than the width or the depth of the fine channel. For example, the size of the droplets 
produced in a fine channel having a width of 1 00 jim and a depth of 50 um is smaller than 50 urn in diameter when 
each fine droplet has a complete spherical body. 

40 [0071] The solvent extraction method of the present invention provides the shortening of a diffusion time and enlarges 
specific interfacial area at the fluid boundary much more than those determined by the width of the fine channel. Ac- 
cordingly, the efficiency of extraction in the fine channel can be improved much more than the efficiency determined 
by the width of the fine channel. This will be described with reference to Fig. 15. 

[0072] In Fig. 15, when the diameter 33 of a spherical fine droplet 34 is represented by D (urn), the total volume of 
45 the fine droplet is (4tc/3) x (D/2) 3 (urn 3 ). Further the surface area of the fine droplet is 4n x (D/2) 2 (urn 2 ). Accordingly, 
the specific interfacial area of the fine droplet 34 to the surrounding medium is {4k x (D/2) 2 }/{(47t/3) x (D/2) 3 } = 6 x 
IQt/D (crrr 1 ). On the other hand, the specific interfacial area of the fine droplet 16 at the fluid boundary 14 is 2 x 10 4 / 
W (cm* 1 ) as shown in Fig. 2. Generally, since the diameter D of a fine droplet formed in the fine channel is smaller than 
the width 9 (W) of the fine channel, i.e., D<W, the specific interfacial area of the fine droplet formed in the fine channel 
50 is largerthan the specific interfacial area of the fluid boundary formed in the fine channel, and the diffusion time of the 
fine droplet made of the surrounding solvent becomes shorter than the diffusion time when a laminar flow is simply 
produced in the fine channel. Accordingly, when a fine droplet of extracting solvent or fluid containing a material to be 
extracted is formed in the fine channel, the shortening of the diffusion time and a large specific interfacial area of the 
fluid boundary can be obtained with efficiency much more than those expected by the width of the fine channel, and 
55 the efficiency of extraction in the fine channel can be improved much more than the efficiency determined by the width 
of the fine channel. 

[0073] The object material to form a fine droplet may be an extracting solvent or fluid containing a material to be 
extracted. In the selection of a material for forming fine droplets, it can be selected in consideration that an extracted 
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« 1 7 is separated and recovered easilv from « iZw nh J. Particles 1 7. Thereafter, a solid phase as the fine particles 
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[0081 J ,„ the oao.s shown in Figs. 18 and 19, ulhwtow IrrndttOion Is app.od ,o ft. »„. Copies ,o hardon tho), outer 
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surface. However, another way such as heating, cross-linking or polymerization as shown in Fig. 9 can be chosen so 
as to meet the material as the dispersed phase to be hardened, other than the ultraviolet irradiation. 

EXAMPLES 

5 

[0082] Now, the present invention will be described in detail with reference to Examples. However, it should be 
understood that the present invention is by no means restricted by such specific Examples. 

EXAMPLE 1 

10 

[0083] Fig. 20 shows a fine channel according to a first Example of the present invention. The fine channel was 
formed in a Y-letter form in a surface of a Pyrex (trademark) glass of 70 mm x 20 mm x 1 t (thickness) in which a 
continuous phase inlet channel 2, a dispersion phase inlet channel 4 and an outlet channel 7, which correspond to the 
fine channel, had respectively a width of 220 ^m, a depth of 80 am and an aspect ratio of fine channel of 0.36, wherein 

is the length of the outlet channel was 30 mm and the Y-letter like channel had a confluent portion 6 having an angle of 
44° which was formed by joining the continuous phase inlet channel 3 and the dispersion phase inlet channel 5. Although 
the width and the depth of the fine channel depend on the particle size of fine particles to be produced, the aspect ratio 
of fine channel should not be deviated from a range of from 0.30 to less than 3.0. A fine channel device having such 
fine channel was prepared, as shown in Fig. 21 , by thermally adhering a cover member 30 made of glass of 70 mm x 

20 20 mm x 1 mm (thickness) on a surface of the Pyrex glass, as a glass substrate 1 , of 70 mm x 20 mm x 1 mm 
(thickness) wherein the surface of the glass substrate 1 had a fine channel formed by photolithographic and wet etching 
techniques as conventionally used techniques, and the cover member 30 had orifices having a diameter of 0.6 mm 
which were previously formed at positions corresponding to inlet ports 1 1 and an outlet port 8 by mechanical processing. 
However, it should be noted that the method for the preparation and the material for the substrate and the cover member 

25 are not limited to the above-mentioned. 

[0084] Next, description will be made as to the method for producing fine particles according to the present invention. 
[0085] As shown in Fig. 22, a fine channel device 1 9 is held by holders 23 for facilitating liquid supply. Teflon (trade- 
mark) tubes 27 and fillet joints 40 are fixed to a holder wherein an end of a Teflon tube is opened to a beaker 26, and 
ends of two other Teflon tubes are connected to micro syringes 42. Thus, the supply of liquid to the fine channel device 

30 becomes possible. 

[0086] Then, a mixed solution of divinylbenzene and butyl acetate as a dispersion phase for producing fine particles 
and a 3% aqueous solution of polyvinyl alcohol as a continuous phase were injected into the respective micro syringes 
42, and the liquid supply was conducted by micro syringe pumps 41 . The rate of liquid supply was 20 ul/min for both 
the dispersion phase and the continuous phase. Under a condition that the rate of liquid supply was steady for both, 
35 the production of fine particles as shown in Fig. 23 was observed at the confluent portion of the fine channel device, 
at which the dispersion phase and the continuous phase join. 

[0087] In the observation of the fine particles thus produced, the averaged particle size was 200 u,m and the CV 
value (%) indicating the degree of dispersion of particle size was 9.8% as shown in Fig. 24, which showed extremely 
uniform fine particles 17. When the dispersion phase and the continuous phase were fed at a rate of liquid supply of 
40 1 ul/min, the averaged particle size of the produced fine particles was 230 urn, and the CV value (%) indicating the 
degree of dispersion of particle size was 9.5%, which showed extremely uniform fine particles. In this example, since 
the dispersion phase and the continuous phase are fed at the same rate of liquid supply, it is possible to produce 
uniform fine particles without the necessity of feeding the continuous phase in an excessive amount. 

45 EXAMPLE 2 

[0088] Fig. 25 shows a fine channel according to a second Example of the present invention. The fine channel was 
comprised of two Y-letter like channels which were formed in a surface of a Pyrex (trademark) glass of 70 mm x 40 
mm x 1 1 (thickness) in which continuous phase inlet channels 3 : dispersion phase inlet channels 5 and outlet channels 

50 7, which form fine channels, had respectively a width of 185 urn, a depth of 75 am and an aspect ratio of fine channel 
of 0.41 , wherein the length of the outlet channels 7 was 30 mm and the Y-letter like channels had confluent portions 
6 having angles of 22° and 44° which were formed by joining a continuous phase inlet channels 3 and a dispersion 
phase inlet channel 5. Although the width and the depth of the fine channels depend on the particle size of fine particles 
to be produced, the aspect ratio of fine channels should not be deviated from a range of from 0.30 to less than 3.0. 

55 [0089] A fine channel device having the above-mentioned fine channels was prepared in the same manner as Ex- 
ample 1. 

[0090] Then, the fine channel device was held by holders; a mixed solution of a monomer (styrene), divinylbenzene, 
butyl acetate and benzoyl peroxide, as a dispersion phase to produce fine particles, and a 3% aqueous solution of 
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portions formed by co^ZZs^S^lTZ JZ " ^ ° f an9 ' eS ° f 440 and 22 ° al confluent 
20 m/min for both the dispel phas ^^J^J^i^ ' ^I^" 9 ' 8 ^ ra,e ° f MqUid Suppl * was 
steady for the both, the p'roductio of fine ^SSHlS^^'^^ ^ ^ ° f " qUid SUppl ^ was 
phase andthecontinuousphasejoin of Jheflne^ 
the averaged particle sizewas 180 um and the?v^ 

8.7% in the case that the con Lent portfon had Z "anl S Sthl / "Tf ° f dlSperSi ° n ° f PartiC ' e si2e was 
CV value (%) indicating the degree of dispe sion of SLe size was b P *Vl 1 60 ^ and the 

'"eobservationoftheproducedfineparticieswhenS^ Further, in- 

Phase were both 5 ul/min the averaaed , ^ a ' e ^^ u,dsu PP'yf° rth ed 1S persion phase and the continuous 
dis P ersionof P a rt ic,e^zewas 9 .4TiX?^ the degree of 

much as the particle size thT ~ J " -f'™ 1 P ° rti ° n havin 9 an ^ * ^ 

was 0.89 times as 

particle size by simply changing the anale tH^SS" T 9 ™ ^ " ^ ThUS ' tt iS poss,ble t0 contr °' the 
su PP ,y to the dispersion phasTandthe ctntlolXe ^ ehMn * W « hOUt Chan ^ rate of 
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Ke form fn 9 a f^^T^S^S^ C-Parative Example 1 . The fine channel was fonmed in a Y-,e„er 
inlet channel 3, a dUve^oS^c^S? J ■ 20 ™ mXU (thickness) in which a continuous phase 

^Ch„ 

SLio^rs: ^^x;^::^:^T e ^ s rr of divinwbenzene and b ^ «- - 

were injected into micro syringes ^^11^ P ^ a ' C ° h01 38 3 continuotJS P"ase 

of liquid supply was 5 uJ/mi Tho? Si disoe sion IS 1'" * 9 ^ m " n * 38 EXample 1 ■ The rata 
of liquid supply was steady fo the bot whe"nTe «CT COnt ' nuotJS P hase - u ^er a condition that the rate 
Phase joined, of the fine channel ^toTZ lte^lT^ T* ^ Ph3Se 8nd the continuous 

channel although the production of ^^SL^S^^f Separation and agglomeration in the outlet 

the CV value (%) indteatingthe degree o ZIVkZ JLT, ^ ° bserVation of tne Pn?duced fine particles, 

bad degree of dispersion In o^S^^S^Z^T^' *"* *** 36 5% WhiCh Sh ° Wed ,ine P articles ha ™9 a 
device having the above-ment ^2£^J££l ? TT™ ^ °' diSperSI '° n in the fine cha "^ 
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foTed ^^^^^.'S^^'"^ ° f Pr6Sent inVen,i ° n - The ' ine Cha - eI - 
Rg. 27(b), in a surface ^S^S^SXSn^2T T ° M ™ ^ * 3n 6nlar 9 ed View of 
inlet channel 3, a dispersion chase r ha „„ . 1 mm x 40 mm x 1 1 (thickness) in which a continuous phase 
respectively a ^S?^?^^^^ 0Utle, Channel 7 ' which c ° rres P°" d to the fine channel, had 
outlet channel was 30 mm a"d th ^etteMite channeitT "'T ^ CM ° f ° 38 ' Wh6rein ,he °< *. 

formed by joining the continuous phas inT^t channe and he dis^ ^ " 909,6 ° f ^ Which was 

the depth of the fine channel depend on the 2?! ^ dls P e ^ slon P ha se ,nlet channel Although the width and 
channe, should not be deviated IrZ a ranle 0 3o!o T^tK tn.^ PTOdUCed ' aSp6Ct rati ° ° f the fine 

«.«r» i^cm wo mtr ; fringes ana^o^^Z ^ r P °' yVi " y ' a ' coho1 as « Ph.se 
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portion at the joint portion of the continuous phase inlet channel, the dispersion phase inlet channel and the outlet 
channel as shown in Fig. 27(c). The rate of liquid supply was the same for both the dispersion phase and the continuous 
phase. In the measurement of flow rates capable of producing fine particles, the flow rate permitting the production of 
fine particles in the fine channel device having the projection was 1 0 uJ/min, and the flow rate permitting the production 
5 of fine particles in the fine channel device without having any projection as shown in Fig. 27(c) was 8 uJ/min. 

[0095] In the observation of thus produced fine particles in the fine channel device having the projection, the averaged 
particle size was 110 ujn and the CV value (%) indicating the degree of dispersion of particle size was 6.3%, which 
showed an excellent degree of dispersion of particle size. Thus, it is possible to maintain an excellent degree of dis- 
persion and to increase an amount of fine particles to be produced, by providing a projection in the outlet channel. • 

w 

EXAMPLE 4 

[0096] Fig. 28(a) shows a fine channel according to a fourth example of the present invention. The fine channel, 
formed in a surface of a Pyrex (trademark) glass of 70 mm x 20 mm x 1 t (thickness) was comprised of two continuous 

15 phase inlet channels 3, a single dispersion phase inlet channel 5 and an outlet channel 7, which correspond to the fine 
channel, each having a width of 140 u.m, a depth of 60 ujti and an aspect ratio of fine channel of 0.43, wherein the 
length of the outlet channel was 30 mm and the fine channel had confluent portions each having an angle of 22° , which 
were formed so as to clip the single dispersion phase inlet channel by the two continuous phase inlet channels. Although 
the width and the depth of the fine channel depend on the particle size of fine particles to be produced, the aspect ratio 

20 of the fine channel should not be deviated from a range of from 0.30 to less than 3.0. A fine channel device was 
prepared in the same manner as Example 1 . 

[0097] Then, the fine channel device was held by holders; a mixed solution of divinylbenzene and butyl acetate as 
a dispersion phase for producing fine particles and a 3% aqueous solution of polyvinyl alcohol as a continuous phase 
were injected into micro syringes, and liquid supply was conducted by micro syringe pumps in the same manner as 

25 Example 1 . The dispersion phase was introduced from the dispersion phase inlet channel 5 located at an intermediate 
position, and the continuous phases were introduced from the two continuous phase inlet channels 3 located at both 
sides of the dispersion phase inlet channel 5. The rate of liquid supply was 6 uJ/min for both the dispersion phase and 
the continuous phase. Under a condition that the rate of liquid supply was steady, the production of fine particles was 
observed at the confluent portions where the dispersion phase and the continuous phase joined, in the fine channel 

30 device. In the observation of the produced fine particles, the averaged particle diameter was 77 ujti and the CV value 
(%) indicating the degree of dispersion of particle size was 7.0%, which showed extremely uniform fine particles. 

EXAMPLE 5 

35 [0098] As a fifth example, a fine channel device having four channels as shown in Fig. 29(a) was prepared. The fine 
channel device had a fine channel 16 having a width of 100 \im and depth of 40 u/n, and had a fluid inlet port A (43), 
a fluid inlet port B(44), a fluid inlet port C(45), a laminar flow channel 46 communicated with fluid inlet ports 43, 44 and 
fine channels 3, 5 communicated with laminar flow channel 46 wherein the fine channels 3, 5 were joined to the laminar 
flow channel at angles of 44° respectively. The fine channel device having the fine channels was prepared in the same 

40 manner as Example 1 . A mixed solution of divinylbenzene of an organic phase and butyl acetate, as a dispersion phase 
was supplied from the fluid inlet port A(43), a 3% aqueous solution of polyvinyl alcohol of aqueous phase was supplied 
from the fluid inlet port B(44), and a 3% aqueous solution of polyvinyl alcohol of aqueous phase as a continuous phase 
was supplied from the fluid inlet port C(45). These phases were injected into micro syringes and the liquid supply was 
conducted by micro syringe pumps in the same manner as Example 1 . The liquid supply was conducted at flow rates 

45 of 5 uJ/min from the fluid inlet port A and the fluid inlet port B, and at a flow rate of 1 0 uJ/min from the fluid inlet port C. 
When the rate of liquid supply became steady for all, a laminar flow was observed in a position from a confluent portion 
47 of the laminar flow channel communicated with the fluid inlet port A and the fluid inlet port B, to the confluent portion 
6. Further, the production of fine particles was observed at the confluent portion of the continuous phase. In the ob- 
servation of the produced fine particles, the averaged particle diameter was 110 u,m and the CV value (%) indicating 

50 the degree of dispersion of particle size was 8.2%, which showed uniform fine particles. 

EXAMPLE 6 

[0099] Fig. 20 shows a fine channel according to a sixth example of the present invention. A Y-tetter like channel 
55 was formed in a surface of a Pyrex (trademark) glass of 70 mm x 20 mm x 1 t (thickness) in which a continuous phase 
inlet channel 3, a dispersion phase inlet channel 5 and an outlet channel 7, which correspond to the fine channel had 
respectively a width of 220 urn, a depth of 80 u.m and an aspect ratio of fine channel of 0.36, wherein the length of the 
outlet channel was 30 mm and the Y-letter like channel had a confluent portion having an angle of 44° which was 
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shouid not be deviated from a lange o, t^O af^tE 3 ? ^ °' PartiC ' 6S ' ^ rati ° ° f ,ine cha ™ al 

the production of fine particles was *^T£%^^^£7 * IT* SUpP ' y became stead V f °' both, 
Phase and the continuous phase joine Afte he iSSSKSLk f * e H channe ' device at wnich «he dispersion 
21 having the center of the light ^Sk^^^SSS? 6660 Pr ° dUCed ' the irradiatio " ° f u "™°'et rays" 
mm apart from the outlet port 8 to thereby ^^Z^SST^ h P c ^ ^ Chann6 ' 7 ' which was 1 ° 
spot 20 was about 1 0 mm in diameter. A mTk wa dfepose SiSJiT " 9 ' SiZe ° f the ' ight irradiati °" 
20 from light irradiation. The fine particleTas a medium 111 P P ° S ' t,0n °' herthan the H 9 ht irradiati °" spot 

from the outlet port 8. In the obserS^f r^^^^^I^^T alC ° h01 
(%) indicating the degree of dispersion of Pa*,^^^ 

tube 27 extending from the outlet po^ to th o^eTZTe'^T* ° ,aTefl ° n (trademark > 

fine particles as the medium of the aqueous so u ion o polvv"nvTaTcohLf ""^ 7 1°"" ^ ^ The pr0duced 
observation of the produced fine particles the ave-Ta J £ * ^ dlscnar 9 ed int ° a beaker 26. In the 

- 9 -o f dispersion of particlesLt^ 

EXAMPLE 7 

ES. sh r in Fig - 30 was — ^ - 

width of 0.5 mm at the position of a comZ channel inS S^JZSi ^ * 8 ° ^ a " d 3 Cha ™ el 

from the position of the common channel Met^nt^lT^ 1 anne ' Width WaS 9radua "y increa ^d 

width reached 2 mm. The fine ctm^eZ^J^ZL Channe ' ° Ut ' et p0rt 31 at which tne channel 

drawn from the common change ^ a " d the fine channels were 

of 6 mm (i.e., distances a, to a, were all 6 mm) th shape oJeS v^ZS^r "k"^ 8,ranfled W ' th 6qual intervals 
1 . The width and the depth ofThe common channeMnSnol!« Channe ' WaS the Same as in Exam P'e 

the depth o, the common channel"«eTpoS 31 ^Z^SST^^ 8 ° ^ a " d the width and 

these fine channeis was prepared by the' same 7 ° ^ ^ ** ^ ^ 

min 2 sl^^^^^SZ C t hanne ' d6ViCe ' PUrS Wat6r WaS fed « a «°w rate of 2 5 m,/ 
of the liquid discharged from ^ ^f™ as Example 1 . When amoum 

a resu ft as shown in Table t was obtained^ ° ' S ^ET^^S^;? ™" 
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Table 1 





Example 7 


Comparative Example 2 


Amount of discharge Y 1 (mi) 


1.02 


1.14 


Amount of discharge Y 2 (ml) 


1.01 


0.96 


Amount of discharge Y 3 (ml) 


1.00 


0.83 


Amount of discharge Y 4 (ml) 


1.00 


0.68 


Average (ml) 


1.01 


0.90 


Standard deviation (ml) 


0.01 


0.20 


CV (%) 


0.95 


21.64 



rate in the same man™, „ Exampl . , V^n^arti^ cfl^t^^M n r** ^a"" 10 " channel at the same flow 
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shown in Table 2 was obtained. It was found that the averaged value of the diameters of the fine particles discharged 
from the fine channels was 101 .0 and the CV value (%) indicating the degree of dispersion of particle size was 8.7%. 
Thus, uniform fine particles could be produced in each of the fine channels. 

Table 2 





Example 7 


Comparative Example 2 


Particle diameter of droplets Y 1 (urn) 


95 


86 


Particle diameter of droplets Y 2 (u-m) 


109 


104 


Particle diameter of droplets Y 3 (ujti) 


100 


122 


Particle diameter of droplets Y 4 (urn) 


100 


140 


Average (|im) 


101.0 


113.0 


Standard deviation (u.m) 


5.83 


23.24 


CV (%) 


5.77 


20.56 
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COMPARATIVE EXAMPLE 2 

[0105] In Comparative Example 2, a fine channel device having fine channels 16 as shown in Fig. 31 was prepared. 
The fine channel device was composed of two common channels 29 each having a channel depth of 80 ujti and a 
channel width of 2 mm at the position of a common channel inlet port 32 wherein the channel width was gradually 
narrowed from the common channel inlet port 32 toward a common channel outlet port 31 at which the channel width 
reached 0.5 mm. The fine channels were of 220 u.m wide and 80 u.m, and the fine channels were drawn from the 
common channels 29 to form 4 Y-letter like confluent portions which were arranged with equal intervals of 6 mm (i.e., 
distances a 1 to a 5 were all 6 mm). The shape of the fine channels was the same as in Example 1 . The width and the 
depth of the common channel inlet ports were respectively 0.5 mm and 80 and the width and the depth of the 
common channel outlet ports were respectively 220 u,m and 80 um The fine channel device having these fine channels 
was prepared by the same method as in Example 1 . 

[0106] To each of the two common channels of the fine channel device, pure water was fed at a flow rate of 2.5 ml/ 
min for 5 min through the respective common channel inlet ports by using liquid supply pumps in the same manner as 
Example 1 . When amounts of the liquid discharged from the common channel outlet ports through the Y-letter like fine 
channels were compared, a result as shown in Table 1 was obtained. The liquid could not be fed uniformly to the fine 
channels Y 1 to Y 4 . 

[0107] On the other hand, a 3% aqueous solution of polyvinyl alcohol was fed to a common channel at a flow rate 
of 1 00 jxl/min and a mixed solution of divinylbenzene and butyl acetate to the other common channel at the same flow 
rate by using liquid supply pumps in the same manner as Example 1. When particle diameters of 10 fine particles 
produced in fine channels were measured with a microscope and the particle diameters obtained by measuring were 
averaged, a result as shown in Table 2 was obtained. It was found that fine particles having a uniform particle diameter 
could not be produced in the fine channels. 
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EXAMPLE 8 

[0108] In an eighth example, a fine channel device having a fine channel as shown in Fig. 20 was prepared. The 
fine channel device was prepared by the same method as in Example 1 except that the width W of the fine channel 
was 220 |xm, the depth d of the fine channel was 80 urn and the length of the fine channel was 30 mm wherein two 
inlet channels 3,5 communicated with two inlet ports 2,4 were joined at an angle of 44°. 

[0109] An aqueous phase containing phenol as a material to be extracted was fed from a fluid inlet port of the fine 
channel and an organic phase containing ethyl acetate as an extracting solvent was fed from the other fluid inlet port 
by the same method as in Example 1 . Experiments was conducted as to a case that a laminar flow was formed by 
adjusting liquid supply rates to extract the phenol into the ethyl acetate and a case that the organic phase of ethyl 
acetate was extracted as fine particles in the aqueous phase. The liquid supply rates to form the laminar flow were 20 
u.l/min for both the aqueous phase and the organic phase. The liquid supply rates in the case of extracting the organic 
phase of divinylbenzene as fine particles in the aqueous phase were 2 u.l/min for both the aqueous phase and the 
organic phase. 

[0110] The specific interfacial area obtained by forming a laminar flow in this fine channel was 2 x -{O+fW (cm* 1 ) = 
about 2 x 1 0*7220 (cm" 1 ) = about 90 (cm" 1 ) because the width W of the fine channel was about 220 ujti. Further, when 
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about 200 ^ The specie W^ZTtS casew^ S ^d3?' ^*T~> ° 4 ° f ^ PartideS Was 

* a r tube - ° n,y the 

in which the organic phase is in contact > ^1!!™ t V 9 a h, 9 n - s P eed "quid chromatography. As a time 
increased. AaSrdin^.^^^^i^";^ * ST*? am ° Unt ° f * M * t0 be extracted is ' 
organic phase as an extracting solve" in the finethaZ \ ^ * e ^ ^ by a sta * «™ * the 

of the organic phase. As a result H was fouL th J ^ ' ? mS be ' n9 calculated ^ the liquid supply rate 
fine partes to be extra^d IZ^l IT™™™™*™. the ° r ? anic phase - *hy. acetate was formed into 
that the efficiency of extraction ^^JS^^T" * P rT^ ^ above - men ti°ned, it was confirmed 
by foxing an extracting solvent 2 te ^ZTes ^ dMed by the Width 0f the fine channel, 

a fine channel through Inl^ann^whS^^ T 9 C ° ntmUOUS phase int ° a channel device having 
continuous phase at the con^en Torton T^ZV** ^ * ^ dlSperSi0n phase * th " 

angle a, the confluent portio fenced by an Z efcnannXTe^ T Wherein the 

feeding the continuous phase is adjusted to a ^deSned 22 Th T^" ^ ^ 9 " in ' et Channel for 
provides easy control in comparison J^ a conZnZ^ ? • 9 t , producina meth ° d of the present invention 
of feeding the dispersion phase an t^SZT T T* ^ Partides are produced b V changing rates 
in particular, by n T' , ^ m6th ° d iS SUitSble f ° r induStnal ™ ss Production 

feeding the continuous I ™™9™ **P™™ P»— to be substantially equal to the rate for 
continuous phase wherebv it is aLntol " P P ? ° * deViCe f ° r feedina the d ^Porsion phase and the 
invention can product 7t£ Z^sSaaZ f ^f" 9 '*' the fine P articla Pacing method of the present 
Phase excessive* as , he'eo T^^nZTan^Z^ TT **" ° f the Sinuous 

example, ge, is produC e d in InduJal^S^in " UCt '° n * *' C ° ntinU ° US ph3Se When - f " 

uou S phases, whereby fine part cTes of a mufti i lave^ s r fr0m the diSpSrSi ° n phases and/or 

partic.es composite microcisu^^ a «* of fine 

be na'Ln^ wh^e^ ~p^^*^" ^ ^ * *™* ~ * 

been discharged from the Zteoo* tS oul thf ! Part,C ' eS ' S made Uniform ' the fine dr °P^ts after having 

extending from the outlet port l!CtES^£E £ tT" ' t T S f UCC6SSive, y be hard -ed in a fine channe" 
hardened fine particles to be more Uniform Te fine n^H L f ' l ' ° rd6r t0 make the P article si2e " the 

channe. in the fine channel devTceLmlZe TrtXTZZZt I * ^ Channe '' the «** 

* thefinechannel. This technique can SSchd^ JfT Pr ° dUC6d 8t the COnfluent P ortio " of 

portion of the fine channel are fine dropteS"e 1i£Z%^^^^7 P rodu cedattheconfluent 
a beaker at the outside of the fine channel' o hSninl th! P f f ' S deforTTled in a «me of collecting them in 
particles becomes large due Z ^Zer^To?^^ T TT*™ ° f SiZS ° f the hardened fina 

particles, and can provide fine miSJX^ST f S ' FUrther " the present inventi °n can provide fine 

« inamedium. P r ° V,deflne P artlcteshav '"9 uniform s, 2 e. Further, it is possible to separatethe hardened fine droplLts 

for discharging the fluid" a ccn^^^^Ta^^" 0 " '"'^ ^ f6edin9 f ' Uid ' a " ° Utlet P° rt 
and at least one fine channel communicated wTthe J m T nn T COmmun,cate the in,e t port with the outlet port, 

- outlet port, characterized in that the cro" s^n LTa oTZ^'h ' P ° Slt r d ' fferent ^ the in,et P ort or ». 
gradually from the portion where the inTet oor^ ^ , 1 I ° f ,he C ° mmon channel is increased 
outlet port is communicated ^^^St^T^ T T t0 the P0rtion where the 

- for of the present invention can be used for, 
for seal-lock agents, insulation particles oTmeta thl^; ^sure-sensitive) papers, toner, adhesives 
thermochromic matertals (the^eS^ Sr^^e^^irS^" 6 "? 9 ' aSS ' 
,a.s, synthetic ^^.^^ 
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capsulated enzymes, DDS (drug delivery system) or the like, and gel of a packing material for a column for high-speed 
liquid chromatography, gap adjusting materials (spacers) or the like. 

[01 1 7] Further in the solvent extraction method using the fine channel device of the present invention, fine particles 
are used for solvent extraction in the fine channel, whereby efficiency of reaction or extraction can be improved to more 
5 than the efficiency determined by the width of the fine channel. 

[0118] The entire disclosures of Japanese Patent Application No. 2002-123835 filed on April 25, 2002, Japanese 
Patent Application No. 2002-158093 filed on May 30, 2002 and Japanese Patent Application No. 2002-228470 filed 
on August 6, 2002 including specifications, claims, drawings and summaries are incorporated herein by reference in 
their entireties. 

w [0119] A fine channel device capable of producing fine particles in an industrial scale, hardening the fine particles 
immediately after the production and recovering the fine particles from a medium without collapsing the shape of the 
produced fine particles, a fine particle producing method using the fine channel device and a solvent extraction method 
using the fine channel, are presented. The fine channel device comprises a fine channel provided with an inlet port 
and an inlet channel which feed a dispersion phase, an inlet port and an inlet channel which feed a continuous phase, 

15 and an outlet channel and an outlet port which discharge fine particles produced by the dispersion phase and the 
continuous phase, wherein the inlet channel for feeding the dispersion phase and the inlet channel for feeding the 
continuous phase are joined at an arbitrary angle, and the two inlet channels are connected to the outlet channel at 
the arbitrary angle. 



20 



Claims 



1. A fine channel device comprising a fine channel provided with an inlet port and an inlet channel which feed a 
dispersion phase, an inlet port and an inlet channel which feed a continuous phase, and an outlet channel and an 
25 outlet port which discharge fine particles produced by the dispersion phase and the continuous phase, charac- 

terized in that the inlet channel for feeding the dispersion phase and the inlet channel for feeding the continuous 
phase are joined at an arbitrary angle, and said two inlet channels are connected to the outlet channel at the 
arbitrary angle. 

30 2. The fine channel device according to Claim 1 , wherein the aspect ratio in cross section of the fine channel (the 
ratio of depth/width of a channel) is from 0.30 to less than 3.0. 

3. The fine channel device according to Claim 1 or 2, wherein the width and the depth of the inlet channel for feeding 
the dispersion phase are equal to those of the inlet channel for feeding the continuous phase. 

35 

4. The fine channel device according to any one of Claims 1 to 3, wherein in the relation between the width of the 
inlet channel and the width of the outlet channel, the width of the inlet channel is not smaller than the width of the 
outlet channel. 

40 5. The fine channel device according to any one of Claims 1 to 4, wherein the width of the outlet channel is narrowed 
at a portion in the outlet channel portion from the point, at which the dispersion phase and the continuous phase 
join, to the outlet port. 

6. The fine channel device according to Claim 5, wherein the portion where the width of the outlet channel is narrowed 
45 is at the joining portion of the outlet channel or in the vicinity thereof. 

7. The fine channel device according to Claim 5 or 6, wherein the portion where the width of the outlet channel is 
narrowed is at a side of an inlet channel for the dispersion phase with respect to the joining portion of the outlet 
channel. 

50 

8. The fine channel device according to any one of Claims 1 to 7, wherein at least one projection is extended from 
a bottom, upper and/or side surface of the fine channel in the vicinity of the portion where the dispersion phase 
and the continuous phase join. 

55 9. A fine channel device comprising an inlet port for feeding fluid, an outlet port for discharging the fluid, a common 
channel formed in a substrate to communicate the inlet port with the outlet port, and at least one fine channel 
communicated with the common channel at positions different from the inlet port and the outlet port, characterized 
in that the cross-sectional area of the common channel is increased gradually from the portion where the inlet 
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com™ ^ Channe ' ,0 the «~*" *»»» the P- - —ate, w*h,he 

10. The fine channel device according to Claim 9, wherein an n number of fine channels includinq a fine channel Y 
1T1 6 P ° Siti0n , C ' 0SeSt 10 thG inl6t P ° rt and 3 fine channel Y n donned at the pSon dose , t h out£ 

indS; r it th r common channei ' wherein when the position ° f ~-ti 0 n z " ; ° n e p 0n s 

nd.cated by X 0 , the position of communication of the fine channel Y, closest to the inlet port is indicated bv X 

2 I port stdrcated^ 1 Too^T" Channe ' by ^ ^ZtSZZ me 

inc catedl bv X Tth^ "V, ? t P v" commun,cat,on of the fi "e channel Y n closest to the outlet port is • 

9 n and Xn+1 alon9 the common channei is indicated by a - 

1 1. The fine channel device according to Claim 1 0, wherein distances of a, to a n+1 are all equal. 
12 " IIVT accordin 9 t0 an V one ° f ™<™ 9 to 11 , wherein the fine channel device comprises at 

r s r P r e s 

» 12 ' — — d from the outlet ports 

14 ' Inrt I!"! 0 " 8 "" 61 ^t 06 9CC0rding l ° any ° ne ° f C ' aimS 9 to 1 3 ' wherein there are a plurality of common channels 
and each common channel is communicated with the fine channels. common channels 

15. The fine channel device according to Claim 14, wherein a dispersion phase is fed to at least one of th» mm ™„ 
channels and a continuous phase is fed to at least another one of the common channel! 

16 ' ^ n !nH artiCle , P /° dUCin9 TOe,h ° d f ° r P roducin 9 fine P arti <='es by using a fine channel device provided with an inlet 
port and an ,nlet channe. which feed a dispersion phase, an inlet port and an inlet channel whFchTee la Continuous 

InTZ r ^ Channe ' an ° Ut,et POft Which dischar 9 e fine P article * P«*uced by the dispersTon phase 

crscjr* - in that the ~ phase is — d — p~Sg 

17 ' h^hT* Parti ,f Pr0ducin 9 method according to Claim 1 6, wherein the particle size of the fine particles is controlled 

19 ' IZT^ H r ° a ' UCin9 meth ° d aC ° 0rdin9 10 any 0ne of Claims 1 6 10 1 8. wherein fluid containing the produced 
rperCrseTor^' t0 3n art5itrarV direCti ° n ,r ° m ^ P ° rti0n " WhiCh ^ -ntinuouslht e'Sthe 

45 2 °' J^nZT iCl TT C,n9 mSth0d aCC ° rdin9 10 any 0ne of C,aims 1 6 10 1 9. ^rein containing the produced 
t'dCSo^r 31 ' eaSt ^ arbftrarV direCti ° nS fr ° m ^ POrti0fl at WhiCh tha continuorpE^ 

- 2 " ~ * ^ *" - P « - — - 

22 ' r«l n „ e Partic,e P roducin 9 meth ° d ^cording to any one of Claims 1 6 to 21 , wherein the continuous phase and 
the dispersion phase are a kind of fluid having substantially no compatibility. P 

55 ^ oT^ n dk P „r fc,e Pr0dUCin9 meth ° d aCC ° rding l ° any ° ne ° f Claims 1 6 to 22 > wherei " the continuous phase and/ 
or the dispersion phase is a laminar flow formed by at least two kinds of fluid. 

24. The fine particle producing method according to any one of Claims 16 1o 23, wherein the continuous phase and/ 
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or the dispersion phase is fluid composed of a mixture of at least two kinds of fluid or emulsion. 

25. The fine particle producing method according to any one of Claims 16 to 24, wherein the continuous phase and/ 
or the dispersion phase contains powder. 

5 

26. The fine particle producing method according to any one of Claims 16 to 25, wherein the dispersion phase is a 
medium containing a gel-producing material. 

27. The fine particle producing method according to any one of Claims 16 to 26, wherein the continuous phase is a ■ 
10 medium containing a dispersant for producing gel. 

28. The fine particle producing method according to any one of Claims 16 to 27, wherein polyvinyl alcohol is used as 
a dispersant for producing gel. 

15 29. The fine particle producing method according to any one of Claims 16 to 28, wherein the fine particles are fine 
droplets. 

30. The fine particle producing method according to any one of Claims 1 6 to 29, wherein the fine particles are hardened 
in the fine channel and/or out the fine channel. 

20 

31 . The fine particle producing method according to Claim 30, wherein the fine particles are hardened by the irradiation 
of light. 

32. The fine particle producing method according to Claim 31 , wherein the fine particles are hardened by the irradiation 
25 of UV light. 

33. The fine particle producing method according to Claim 30, wherein thefine particles are hardened by the application 
of heat. 

30 34. A fine particle producing method for producing fine particles by using a fine channel device provided with an inlet 
port and an inlet channel which feed a dispersion phase as a medium containing a gel-producing material, an inlet 
port and an inlet channel which feed a continuous phase as a medium containing a gel-producing dispersant and 
an outlet channel and an outlet port which discharge fine particles produced by the dispersion phase and the 
continuous phase, characterized in that the dispersion phase is transformed into fine particles by being joined 

35 with the continuous phase, the particle size of the fine particles is controlled by changing the angle of the confluent 

portion at which the inlet channel for feeding the dispersion phase is joined with the inlet channel for feeding the 
continuous phase, and the fine particles are hardened in the fine channel and/or out the fine channel by the irra- 
diation of light and/or heating. 

40 35. The fine particle producing method according to any one of Claims 16 to 34, wherein the fine particles are micro- 
capsules. 

36. The fine particle producing method according to any one of Claims 16 to 34, wherein the fine particles are in a 
form of gel. 

45 

37. A solvent extraction method characterized by using the fine channel device described in any one of Claims 1 to 
15 to form, in the fine channel, fine droplets from an extracting solvent or fluid containing a material to be extracted 
and causing the phase transfer of the material to be extracted between the dispersed phase and the continuous 
phase which surrounds the fine droplets to conduct solvent extraction. 

50 

38. The solvent extraction method according to Claim 37, wherein the continuous phase is the fluid containing the 
material to be extracted, and the dispersed phase is the extracting solvent. 

39. The solvent extraction method according to Claim 37, wherein the dispersed phase is the fluid containing the 
55 material to be extracted, and the continuous phase is the extracting solvent. 

40. The solvent extraction method according to any one of Claims 37 to 39, wherein the material to be extracted is a 
product obtained by the chemical reaction of at least two kinds of fluid containing a raw material. 
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41 . The solvent extraction method according to any one of Claims 37 to 40, wherein after the solvent extraction in the 
fine channel, at least a surface portion of the fine droplets is hardened by the fine particle producing method 
described in any one of Claims 29 to 33 to separate the dispersed phase from the continuous phase 
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(57) A fine channel device (1 ) capable of producing 
fine particles in an industrial scale, hardening the fine 
particles immediately after the production and recover- 
ing the fine particles from a medium without collapsing 
the shape of the produced fine particles, a fine particle 
producing method using the fine channel device {1 ) and 
a solvent extraction method using the fine channel, are 
presented. The fine channel device (1 ) comprises a fine 
channel provided with an inlet port (4) and an inlet chan- 
nel (5) which feed a dispersion phase, an inlet port (2) 
and an inlet channel (3) which feed a continuous phase, 
and an outlet channel (7) and an outlet port (8) which 
discharge fine particles produced by the dispersion 
phase and the continuous phase, wherein the inlet 
channel (5) for feeding the dispersion phase and the in- 
let channel (3) for feeding the continuous phase are 
joined (6) at an arbitrary angle, and the two inlet chan- 
nels are connected (6) to the outlet channel at the arbi- 
trary angle. 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1-8, 37-41 

Independent claims 1 and 37 (dependent claims 2-8 and 38-41) 
relate to a device (independent claim 1) comprising two 
inlet ports and channels, and an outlet port and channel. 
The inlet channels are joined at an arbitrary angle and 
connected to the outlet channel at an arbitrary angle. 
Independent claim 37 relates to a method of solvent 
extraction using the device of claim 1. 



2. Claims: 9-33 

Independent claims 9 and 16 (dependent claims 10-15 and 
17-33) relate to a device (independent claim 9) comprising a 
common channel having an inlet and an outlet port and at 
least one fine channel corrmuni eating with the corrmon channel 
at positions different from the inlet port and the cross 
section of the connion channel either increases from the 
inlet to outlet or remains unchanged. Independent claim 16 
relates to a method of producing fine particles using a 
device having an inlet for the dispersion phase and an inlet 
for the continuous phase joined to an outlet channel. 



3. Claims: 34-36 

Independent claim 34 (dependent claims 35-36) relates to a 
method for producing fine particles by using a fine channel 
device comprising two inlet ports and channels joined to an 
outlet channel, supplying a gel -producing material and 
gel -producing dispersant. The size of the particles are 
controlled by changing the angle at which the inlet channels 
meet and the particles are hardened by irradiating either 
heat or light. 
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